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B KINB-SPEED AERODYNAMIC EFFECTS OF MODIFICATIONS 10 THE
WING AND WING-FUSELAGE INTERSECTION OF AN AIRPLANE

MOIEL WITH THE WING SWEPT BACK 35°

By Leo E. Boddy and Charles P, Morrill, Jr.

SUMMARY

Wind~tunnel teets at high subsonic Mach numbere were oonducted
on a model of a pursuit airplane having a 35° swept-dack wing.
Tests were made to determine the effeot of (1) the wing trailing-—
odge angle, (2) the fuselage oontour at the wing-fuselage inter—
seotion, and (3) an extension at the leading edge of the wing root.

The resulte indicate that deoreaeing the wing trauiliag—edge
angle eliminated (at leaet up to 0.90 Mach number) the reversal of
Pitching-moment and aileron hinge-mmoment ocharacterietlss noted at
high Mach numbers for small angles of attack and alleron deflec—
tions with the true—contour wing. Contouring the fuselage side %o
the eetimated shape of the undisturbed streamlines over the swept—
back wing reduced the interference at the wing-fuselage inter—
seotion and improved the high-speed characteristios of the model.
Wo benefite were derived from the wing leading-edge extension.

INTRODUCTION

Comparatively large angles of swiepback of wings and oontrol
suwrfacee are inoorporated in the design of many ourrent airplanee
in order to delay the oneet of ocompressibility effeots. Since
oxperimental data for highly swept 1lifting surfaces are rather
incamplete, a series of wind-tunnel tests were oonduocted with a
le%:llpan model of a pursuit airplane having the wing swept back
35°.
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During the tests several modifications wvere made to the wing
and wing-fuselage intersection of the model, primarily to eliminate
the reversal of pitching-moment and aileron hinge-moment charac—
terietics nctsd for small angles of attack and aileron deflections
at high Mach numbers, and to increase the divergence Mach number of
the model to a value more closely approximating that predicted by
sizple theory. This report presents the results of that portion of
the tests dealing with the modifications to the model. Subsequent
reports will present tis remainder of the data,

COEFFICIENTS AND SYMBOLS
The sysbols used in this report are defined as follows:

free—strean velocity, fset per second

rz:o-:m dynamic pressure (}pv2), pounds per square
00

Mach number

(volocit‘yr of lound)

twice ving area of semispan model, square feet
wing msan aerodynamic chord, feet

twice wing span of semispan model, feet

aileron hinge—line length, feet

mean—-squared chord aft of aileron hinge line msasured
normal to the hinge line, square feet

1ift coefficient

(MMM%MM)

drag coefficient

(1_»_193 drag of semispan Iod.l)
Q8
pitching-moment coefficient

(gv_ioo pitohing moment of semispan lodal)

qS XK. A. C.
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Om¢  pitching-moment coefficient dus to horizontal tail

01 rolling-moment coefficient due to aileron

(rou:LnQ -unen;b due to aileron
q

alleron hinge-moment coefficient

{atleron hinge mment)
\ qbaca®
angle of attack of fuselage reference line, degrees

aileron deflection about the hinge line, degrees

pressure coefficient

[ (local static preseure)—(free-stream static prouuro)]
q

oritiocal pressure coefficient (P at which the local velocity
equals the local velocity of sound)

MODEL AND APPARATUS

All of the teats were conducted in the Ames 16-foot high~speed
wind tunnel. To avcid the large interference and choking effects
associated with strut-support systems at high Mach numbers, the
reflection-plane method of mounting & semispan model was used. (See
fige. 1 and 2,) A separation plate and fairing mounted on a turn—
table flush with the wind-—tunnel wall served as the reflectiocn plane
and as a shield between the model and the tunnel boundary layer.
Strips of metal fastened to the model mainteined & 3/16—inch gap
between the model and the separation plate. These strips vere sc
attached that any leakage air would be directed in a vertical plane
rather than horizontally acrose the wing or tail.

The model vas of a low—wing pursuit airplane having the quartem-
chord 1line of both the wing and the horizontal tail swept back
approximately 35°. Teste were made with a true—contour wing and with
an extended~chord wing (fig. 3), with a basic fuselage and with a
modified fuselage contoured as shown in figure L4, and with a wing
leading-edge extension as shown in figure 5.

CONFIDENTIAL
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" Pertinent dimensicns of the whole model (lateral dimensioms twice

4hose of semispan model) are as follows:

True-contour
wing

Extended~chord
ving

Wing area, sq ft
Wing spean, £t
VWing mean aerodynamio choxrd, ft

Wing root section (normal to
quarter—chord line)

Wing tip section (normal to
quarter—chord line)

10.980
T.423
1.546

RACA 00l2-64

WACA 00L1-64
5.&
0.495

Wing aspect ratio
Wing taper ratio

Sweepback of wing quarter-chord
line, deg 35.2

Wing dihedral, deg 3.0

Incidence of wing root sectiom,
deg 1.00

Incidence of wing tip sectiom,
deg - 1,00
Alleron hingevline length, ft 2.008

Alleron mean—-squared chord aft
of hinge line (normal to hinge
line), sq £t

Horizontal-tail area, sq ft

Sweepback of tail quArter—chord
line, deg

Horitontal-tail dihedral, deg

0.10h47
1.k00

34.59
10.0

RESULTS

11.516
7.423
1.617

NACA 0012-64 Modified

BACA OOL1-64 Modified
L7685
0.513

5.k
3.0

1.00

- 1.00
2,008
0.1545

1.400

3h.59
10.0

Sinoce no part of the support system was exposed to the main air
stream, no carrections for tares have been applied to the data.

CONFIDENTIAL
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The offects of the wind-tunnel walls on the angle of attack, drag,
and pitching moment have not been accounted for since they are small
for a model of this size and in general have the opposite effect

of the leakage. Also, no correction has been applied to the
alleron effectiveness to account for the end-plate effect of the
reflection plane. The aileron effectiveness of the half model
agreed well with that obtained from preliminary tests of the whole
model mounted in the center of the wind tunnel. However, constric—
tion effecte of the model and support system have been taken into
saccount., As the model was small relative to the test section, the

constriction correction to the Mach number was less than 2 percent
at 0.90 Mach number.

Meagurements of the boundary lajyer on the separation plate
with the model removed indicated thicknesses of the order of one-
fourth inch and one~half inch in the region of the wing and tall,
respoctively, Alsc, tuft etudies with the model in place showed
that the flow over the eeparation plate was smooth and eteady at
all Mach numbere and angles of attack used in the tests, although
deviations of the flow direction in a vertical plane were noted
near the gap between the model and the separation plate. The
results shown in figure 6 are from pressure measurements taken with
the model installed in corder to determine the quality of the flow
about the support syetem and model., It ie evident that the gap
between the tunnel wall and the separation plate was large enough
to allow the tunnel boundary layer to pass through this space
without epilling over the face of the separation plate. Further-
more, the gap vas small enough to allow most of the fairing to be
in the tunnel boundary layer, thus forestalling choking due tc the
fairing itself. Figure 6(b) indicates that no choking of the wind
tunnel was encountered due either to the eupport syetem or the model.

- The test Reynolds number varied from 3.3%5 X 10° at a Mach number
of 0,30 to 6.20 X 10® at a Mach number of 0.90, based on & mean aero~
dynamio chord of 1.617 feet (fig. T).

All moments are referred to a point 2.68 inches above the
25-percent point of the wing mean asrodynamic chord. This point
oorresponds to fuselage etation 37.41 for the true-contour wing
or station 37.70 for the extended—chord wing.

A summary of the lift and drag characteristics of the model
with the true—contour wing is given in figure 8, and the asro-
dynamic oharacteristics of the model with the true—contour wing and
with the extended—chord wing are oocmpared in figures 9 to 1ik., The
oharacteristics with the basic fuselage contour and with the

CONFrIDENTIAL
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modified contour are shown in figures 15 to 20, and the effect of
the wing leading-edge extension is shown in figures 21 to 23. For
the tests of the fuselage shapes, & band of pressure orifices wvas
installed along ths fuselage side approximately one-half inch froa
the upper surface of the wing.

Because of the relatively small size of the model, the data
for low Mach numbers are inconsistent. Alsc, the drag cocefficients
shown are too large, due in part to the leakage air passing over
the supporting struoture inside the fairing. However, the varia-
tion with Mach number is believed to be reliable.

DISCUSSION
General Characteristics of the Original Model

The original model with the true—contour wing (NACA 0012-64
root seotion and NACA 0011-64 tip section measured normal to the
quarter—chord line) had an average divergence Mach number of 0.87
for low 1ift coefficients. (See rig. 8.) . Although no comparable
data are available, this is 12 percent higher than is estimated
for a similar unswept wing. Consideration of only the component
of flow normal to the quarter-chord line would indicate a diver—
gonce Mach number 22 percent higher for a wing swept back 35° than
for an unswept wing., It is indicatsd, then, that sweepdack
inoreased the divergence Mach number by a factor only slightly
greater than half the secant of the sweepback angle.

At low Mach numbers the tail-off pitching-moment coefficient
varied nonlinearly with 1lift coeffiocient in such a manner that the
static longitudinal stability was less at the higher than at the
lower 1ift coefficients. (See rig. 13.) As the Mach number was
increased, the longitudinal stability decreased for low 1lift
coefficients and increased for high 1ift coefficients. A general
positive shift of the tail-off pitching moment was noted as the
Mach number was increased.

Wing Trailing-Edge Contour

Meapurenents of the aileron hinge moments on the true-contour
wing at the higher Mach numbers (fig. 9(a) ) revealed a reversal of
the variation of hinge moment with aileron deflection for small
deflections. Since the aileromns had nc nose balance, this undesir—
able reversal was attributed to the large trailing-edge angle,
particularly when the same tendency, to a smaller degree, was noted

SONFTDENTIAL
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in the pitohing-moment characteristics of the wing. (See fig. 13.)
Consequently the trailing edge of the model wing was extended 0,80
inch in a direction normal to the wing quarter—chord line and
faired with flat sides to the points of tangency with the original
contour, as shown in figure 3. This extension was approximately

4 percent of the root chord of the wing and 8 percent of the tip
chord, and the trailing-edge angle measured normal to the quarter—
chord line was reduced from 21.4¢ to 15,9° at the root and from
19.3° to 12,6° at the tip. The average trailing—edge angle of the
aileron measured in a streamvise direction was reducsd from 16.4°
to 11,29, As a result of this modification to the wing trailing
edge, the overbalance of the aileron at high Mach numbers wvae com~
pletely eliminated (fig. 9(b)) and the tendency for the wing to
become longitudinally unatable for low 1ift cocefficients at 0.90
Mach number was overcome (fig. 13). Furthermore, the aileron
effectiveness did not deteriorate as much at high Mach numbers,
being two to three times as great at 0.90 Mach number for the
modified wing as for the original wing. (See fig. 10.) The amall
improvement of aileron effectiveness at low speed is attributed to
the comparatively larger size of ths extended—chord aileron.

The 1ift and drag characteristics of the wing (figs. 11 and
12) were essentially unaffected by the trailing-edge extension
eoxoept for an increase of lift—curve slope at the highest Mach
nurber and possibly a small decrease of drag. The relatively large
improvemsnt of the drag characteristios at low speeds should de
discounted becauss of the previously mentioned difficulty of measur-
ing the forces at low speed with such a small model.

Figure 1k(a) indicates no important changes of the tail char-
acteristics due to the wing trailipg-edge extension. A elight
deorease of longitudinal stability due to the tail wae noted where
the wing lift-curve slope was inoreased, and the pitohing-moment
coefficient due to the tall was generally more negative with the
modified wing. Consequently, the only major changes observed in tlm
tail-on pitohing-moment oharacteristics were the sames as the improve-
ments of the wing pitohing-moment characteristics. (See fig. 1u4(b).)

No quantitative general conclusions concerning the trailing-—
edge contour can be made from the results previocuely discuseed. It
oan be said only that, for the model considered here, reducing the
trailing-edge angle eliminated the reversal of characteristiocs
suffered by the true-contour wing. Perhaps a smmller modification
would have been sufficient. It shculd be mentioned that the rever—
sal 1s usually associated with changes of separation or boundary-—
layer growth near the trailing edge, or at supercritical Mach

CONFIDENTIAL
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wing quarter-chord line vas affected by the pressure fisld of the
wing, while the component parallel to the quarter-chord line
remained unchanged. This assumption permitted calculation of the
direction of the resultant velocity vector at each point along the
chord of the wing. In arder to avoid reduction of the fuselage
oross—esctional area, the first modification consisted of enlarg-
ing the fuselage near the leading and trailing edges of the wing
in such a manner that the direction of the streamlines along the
wing-fuselage intersection ccrreaponded to the calculated direction
of the resultant veloclty vector. Preliminary tests indicated neo
improvement of the high—speed characteristics of the model and
revealed a serious minimum—pressure peak near the wing leading
edge. Consequently, the fuselage contour was further modified so.
that the calculated lateral displacement of the streamlines due to
the swespback was about equally distriduted on either side of the
basic fuselage line., BHence the average pressure due to the modi-
fied fuselage should be apprcximately the same as that due to the
basic fuselage. Also, the curvature of the forward part of the
modification was reduced in order to eliminate the minimum-pressure
peak obtained with the first modification. The final fuselage
contour 1s compared with the basic contour in figure L.

It should de noted that the vertical extent of the modifica—
tion vas limited by the depth of the fuselage, and that the flow
ovexr only the upper surface cf the wing was affected due to the
low position of the wing. Furthermore, the modified shape is
probably not the optimum because it was designed to have approxi-
mately the sames average effect on the static pressure over the wing
as the basic fuselage. Bcoth fuselages undoubtedly reduce the
average pressure over the wing root.

In spite of the limitations, a more favorable pressure—
recovery gredient and a smaller peak pressure was cbtained at 0,90
Mach pumber with the modified wing-fuselage intersection (fig. 15).
The high-speed 1lift and drag characteristics were considerably
improved (figs. 16 and 17), the average divergence Mach number
being increased approximately 0.02 (fig. 18). Although the modifi-
cation was designed using the estimated pressure distribution over
the wing upper surface for a lift coefficient near zero, the char-
acteristios were improved for 1lift coefficients as high as 0.40.

Figures 19 and 20 indicate no important changes in the longi-
tudinal stability characteristics of the wing due to the fuselage
modification, dut reveal a positive shift of the tall-off pitohing
moment at the higher Mach numbers and a slight decrease of the
stability from the horizontal tail where the wing lift-curve slope

CONFIDENTIAL
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was inoreased. Because of the improvement of the tail-off oharao—
teristics, the variation of the tail-on pitching-moment coefficlent
with Mach number was more satisfactory with the modified fuselage.
An increase of Mach number always caused a climbing moment below a
Mach number of 0.90 and a 1lift coeffioient of 0.10. With the basic
fuselage, a small diving moment was noted for all positive 1lift
coefficients above a Mach number of 0.85,

In viev of the appreoiable gains made under the limited condi-
tions of the tests, it is recommended that a more extensive investi-
gation be carried out, including not only the sffsots of ehaping
the fuselage sides to the streamlines, but also the effects of
other means of reducing the interference at the plane of eymmetry.
One method which should be studied is the modification of the
airfoll seotion at the wing root, sinoe this would be entirely
independent of the fuselage pceition and would be applicable even
to all-wing airplanes. Another method which might reduce the wing-
fuselage interference is the judioious location and design of air
inlets in the wing leading sdge or the sides of the fueelage.

Wing Leading-Edge Extension

It has been shown that considerable disturbance of the air
flow may ocour at the plane of eymmetry of a swept~back wing, so
that the full advantege of sweepback is not realized. It seems
grobable, then, that modifioation of the oritical center seotion
so that its oritical Mach number is highsr relativs to the out—
board seotions of the wing might improve the high—spesd charactev-—
istios., The most straightforward way of doing this is to decrease
the thiokness—~to-chord ratio at the root. For reasons of etrength
however, it i1e not praotical to decrease the absolute thickness of
the wing roct. Consequently, the thickness—to—chord ratio of the
root seotion was deoreased by extending the leading edge forward
at the root, as shown in figure 5. The extension was contoured so
that the line of maximum thiokness of the wing remained unchanged.

The results shown in figures 21 to 23 indicate nc lmprovement
of the lift, drag, or pitching-moment oharacteristice due to the
leading-edge extension. Unfortunately, the extension interfered
with many of the yressure orifices along ths wing-fusslage inter—
section, so no satisfactory preesure data were obtained. However,
there appeared to be a general reduction of the magnitude of the
negative pressures over the wing root seotion. A more oomplete
investigation 1s required tc either overcome or explain the failure
of the extension to improve the high-speed characteristios.
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CONCLUSIONS

The results of the tests may be Summarized as follows:
l. The wing with the true—contour secti

i1leron hi

The increase of divergence Mach number due

streamlines, further investiga-
tion should be directed toward

the elimdnation of interference
near the plane of 8yEmetry of a swept-back wing,

thiockness—to-chord ratio of the root

tending the leading edge forward did
d characteristiocs

Amss Aeronautioal laboratory,

Mtional Advisory Committee for Aeronautics,
Moffett Field, Calir, .
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(b) Bide view.
Figure 1.~ Photographs of the model mounted in the wind tumnel.
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Fig. 3 NACA RM No. A7J02
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